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Abstract 
The propensity of coal to spontaneous combustion demonstrates the inherent character of the oxidation capacity at normal 
temperature. Currently, based on simulating spontaneous combustion of coal using adiabatic oxidation and temperature-
programmed experiment, many overseas countries test characteristic parameters of spontaneous combustion of coal, such as SHT, 
HR, R70, CPT, high-temperature activation energy, and so on. Oxygen adsorption method is used to test the absorbed oxygen at 
30 °C in China. According to the deficiency of the present research using partial stage parameters to demonstrate the whole 
process, Oxidation Kinetics which reflects the entire dynamic process is put forward, through testing the concentration of oxygen 
in the outlet of sample vessel at 70 °C and CPT later. With results repeated well and simple manipulation, the method can reflect 
the self-heating character very well and thus has a vital significance for the prevention and control of the mine fire. 
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1. Introduction 
Spontaneous combustion of coal is one of the most serious natural disasters in the world's coal industry [1-4]. 
The propensity of coal to spontaneous combustion is an intrinsic property. It acts as an important foundation for 
mine fire prevention. The existing identification methods include adiabatic oxidation method [5-7], high temperature 
activation energy method [8-9], cross-point temperature method (CPT), and gas chromatography method [10], etc, 
most of which use partial, static and single means to test. As a result, the obtained parameters, which cannot make 
an accurate identification for the propensity of coal to spontaneous combustion, can only reflect the characteristics 
of one stage in spontaneous combustion. A new oxidation kinetics test method for the propensity of coal to 
spontaneous combustion is studied in this paper. 
2. Current research status 
2.1. Adiabatic oxidation method 
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Adiabatic oxidation method simulates the spontaneous combustion of coal through eliminating the loss of 
reaction heat and the effect of environmental heat. This method simulates the self-heating of coal successfully. Now 
it is used widely in USA, Canada, England, Australia and so on [5-7]. There are some classification indices basing 
on the adiabatic oxidation method such as R70 (Mean Temperature Rise Rate from 40 °C to 70 °C), SHT (Self-
Heating Temperature), IRH (Initial Rate of Heat-rising), TTR (Total Temperature Rise). 
2.2. Crossing point temperature (CPT) method 
In the experiment, a prepared coal sample is placed into gauze container and the oven temperature is controlled. 
The progression of temperature with time in the process of coal's reaction with air or oxygen and the oven 
temperature are recorded. When the coal sample temperature equals the linearly ramped oven temperature, the 
temperature is called the crossing point temperature, as shown in Fig. 1. The CPT is used as an index to classify the 
propensity of coal to spontaneous combustion. This method is used widely in India, Turkey, New Zealand and has 
been improved recently [11]. 
 
 
Fig. 1. Schematic diagram of crossing point temperature 
Cross-point temperature test method requires airflow fully mixed in the furnace, which difficultly to achieve. 
Xiaodong Chan (X.D.Chan) [11] presented an improved cross-point test method without airflow fully mixed. Put the 
reactants with the lower initial temperature into the gauze container with and then place in the high-temperature 
furnace. Due to the interaction of the exothermic reaction and heat conduction, the value of heat conduction is zero 
near the centre of the gauze container at a certain time. The temperature rise rate of the sample is available at that 
time which is the cross-point. 
2.3. Activation energy (E) method 
Poland identifies the propensity of coal to spontaneous combustion based on the E and temperature rising rate at 
high temperatures (PN-93/Ｇ-04558) [8]. Heat the coal samples using airflow which temperature is 237 °C and test 
the time in which the temperature of coal samples rise to 260 °C from 237 °C and 190 °C respectively. Then the E 
and temperature rising rate can be calculated. Basing the two parameters, people can evaluate the propensity of coal 
to spontaneous combustion. 
2.4. Oxygen absorption with chromatograph method 
China began to study the propensity of coal to spontaneous combustion in the early 1950s. Oxygen adsorption 
with chromatography method has been used in China from the 1990s. Its main index is the physical oxygen 
adsorption of 1 g dry coal at 30 °C. At present, it is the Chinese national standard for the identification of propensity 
of coal to spontaneous combustion (GB/T 20104-2006) [10]. 
The above-mentioned methods for propensity of coal to spontaneous combustion only embody the characteristics 
of one stage rather than the whole spontaneous combustion process. Adiabatic oxidation method can reflect the 
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comprehensive characteristics of coal spontaneous combustion very well, however, it's rather time-consuming, and 
the testing conditions are so rigorous (must in highly adiabatic condition), that it can hardly become a testing 
standard, at the same time, the classification indices (i.e. R70, SHT, IRH and TTR) can only reflect the 
characteristics in low-temperature stage, but not in accelerated stage. Oxygen adsorption with chromatography 
method identifies the propensity of coal through the physical oxygen adsorption at 30 °C. But this parameter only 
depends on the properties of coal surface and the physical pore structure of coal. It can't reflect the inherent 
characteristics of spontaneous combustion. The CPT and E can only embody characteristics in the accelerated stage, 
but not in low-temperature stage. Essentially, spontaneous combustion of coal is a non-linear and kinetic process 
which can be divided into several stages. The reaction kinetics of coal in different stages differs greatly. Therefore, 
just using the characteristics of only one stage to evaluate the whole coal oxidation process is not comprehensive. 
3. Oxidation kinetics testing method for the propensity of coal to spontaneous combustion 
To overcome the defects of the existing testing methods, we put forward the Oxidation Kinetics testing method 
for the propensity of coal to spontaneous combustion, with the whole kinetic process from low-temperature 
oxidation to self-ignition as study objects, thermal theory and free radicals chain reaction theory as fundamentals, 
comprehensive testing technique with multiple variables as means. 
3.1. Index and fundamental parameters 
The concentration of oxygen in the outlet of sample vessel at 70 °C, and the crossing-point temperature at 
temperature-programmed conditions, were selected as the fundamental parameters of Oxidation Kinetics testing 
method, to identify the propensity of coal to spontaneous combustion. 
Coal at slow oxidation stage (<70 °C) mainly demonstrates the characteristics of self-heating, the generated heat 
in low temperature results from the combination between oxygen and coal. The physisorption, chemisorption, 
chemical reaction act together on this process, when it reaches above 40~50 °C, chemisorption becomes dominated. 
Under the same conditions, the easier the coal can combine with oxygen, the more amount of oxygen coal can 
consume and the faster the temperature rises to reach the critical temperature. Once the concentration of oxygen in 
the inlet of sample vessel is certain, the oxygen consumption can be calculated from the concentration of oxygen in 
the outlet of sample vessel, the smaller the concentration, the more oxygen consumption. Therefore, we can use the 
concentration of oxygen in the outlet of sample vessel at 70 °C to identify the characteristics in low-temperature 
oxidation. 
Coal at accelerated oxidation stage (>140 °C) is under the joint effect of free radical chain and heat to accelerate. 
Due to different thermal effects of coals, the temperature rise rates are not the same although with the same amount 
of oxygen consumption, so oxygen consumption can’t reflect the temperature rise rate. Cross-point temperature is a 
measure to identify the temperature rise rate in accelerated oxidation stage. Studies have indicated that the coal with 
fast reaction rate has lower CPT; on the other hand, the coal with slow reaction rate shows higher CPT. Thus, CPT 
can reflect the internal characteristics of coal in accelerated oxidation stage. 
3.2. Testing system 
The testing system contains dry air bottle, gas pre-heating copper tube, coal sample vessel, temperature 
controlled box, gas collection and analysis system, data collection system, as shown in Fig. 2. 
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Fig. 2. Figure of the oxidation kinetics testing system for the propensity of coal to spontaneous combustion 
The valve pressure on the outlet of the dry air bottle was kept at 0.5 Mpa. The gas pre-heating tube made of pure 
copper is with the length of 50 m, internal diameter ø2 mm, external diameter ø1 mm. The temperature controlled 
box, concluding an asbestos heat keeping layer, whose internal face is made of stainless steel, at the range from 
room temperature to 350 °C, with accuracy of ±0.5 °C, can operate in isothermal style and temperate-programmed 
style, we can adjust the gas flow, temperature controlled styles, temperature of box and other conditions by setting 
the parameters. The gas collection and analysis system is the gas chromatography; the data collection system can get 
the on-line temperatures; the coal sample vessel, made from pure copper, has good thermo conductivity, with a 
platinum thermocouple in the centre and inlet & outlet in the bottom and top respectively. 
3.3. Testing procedure 
1) Preparation of coal sample 
According to Chinese Standard, peel off the oxidized coal on the surface, crush the inner initial parts into 0.18 
mm~0.38 mm and dry at 40 °C. Pack 50 g (±0.1 g) coal sample in the reactor and lay bed of 2-3 mm asbestos on the 
top of coal sample preventing gas tube to be jammed. 
2) Test of oxygen concentration and crossing point temperature 
(1) Set the program-controlled temperature enclosure run at constant temperature 40 °C and the dry-air (oxygen 
concentration is 20.96%) was flowed through the reaction at a flow rate of 96 mL/min. Change the flow rate of dry-
air into 8 mL/min when coal temperature reaches 35 °C. 
(2) Set the program-controlled temperature enclosure run at the programmed temperature rate of 0.8 °C/min 
when coal temperature reaches 40 °C and test the temperature of coal and reaction ambient. 
(3) Test the oxygen concentration of the reactor outlet gas when coal temperature is 70 °C and change the flow 
rate of dry-air into 96 mL/min. The program-controlled temperature enclosures still run at the programmed 
temperature rate of 0.8 °C/min. 
(4) End the test when coal temperature is 5 °C higher than reaction ambient temperature and note the CPT. 
3.4. Classification of the propensity of coal to spontaneous combustion 
Spontaneous combustion of coal includes the low-temperatures slow heat accumulation and accelerated oxidation 
stage. The reaction mechanism and temperature-rising characteristics in different stages differ greatly. 
Correspondingly, their roles for the spontaneous combustion are also different. For accurate classification, the 
determination index should reflect both of the two stages. The comprehensive determination index can be 
determined from the following formula. 
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where 
2OC
I is the determination index for the low-temperatures reaction stage; 
cptT
I  the determination index for the 
accelerated oxidation stage, I represents the comprehensive determination index of the propensity of coal to 
spontaneous combustion; 0I  the amendment index; 2OC  is the oxygen concentration of the reactor outlet gas when 
coal temperature is 70 °C; 
2O
C , min the calculation parameter of the oxygen concentration whose value is 15.5%; 
cptT  the CPT; ,mincptT  the calculation parameter of the CPT whose value is 140 °C; 2OCϕ  the weight of the low-
temperature reaction stage whose value is 0.6; 
cptT
ϕ  the weight of the accelerated oxidation stage whose value is 0.4; 
and φ  the amplifying parameter whose value is 40.  
By using this self-developed oxidation experimental system, more than 200 samples in Chinese major coal mines 
were tested. Based on the test, a new standard for classification of the propensity of coal to spontaneous combustion 
is proposed. 
Table 1. Classification index of the propensity of coal to spontaneous combustion  
Classification Comprehensive Determination Index I  
Easy to Spontaneous Combustion I <600 
Spontaneous Combustion 600≤ I ≤1200 
Difficult to Spontaneous Combustion I >1200 
The test method of oxidation kinetics for the propensity of coal to spontaneous combustion has been approved to 
be Chinese Industry Standard for Production Safety and has been carried out from January 1, 2009. 
3.5. Application effect and analysis 
For evaluating the comprehensive determination index, oxygen adsorption at 30 °C, adiabatic oxidation time 
from 40 °C to 200 °C and determination index written above of some typical Chinese coal samples (e.g. Jet Coal of 
Henan Province, Non-caking Coal of Shanxi Province, Coking Coal of Anhui Province, Rich Coal of Hebei 
Province, Anthracite of Ningxia Province) were tested. The test results and corresponding analyses are listed as 
Table 2 and Fig. 3. 
Table 2. Oxygen concentration at 70 °C and crossing temperature of different coals 
Coal Samples Jet Coal of 
Yima Mine  
Non-caking Coal 
of Dafosi Mine 
Coking Coal of 
Wugou Mine 
Rich Coal of 
Zhaogezhuang 
Mine 
Anthracite of 
Kabuliang Mine 
Oxygen Concentration of the 
Reactor Outlet Gas when Coal 
Temperature is 70 °C (%) 
17.63 20.39 20.42 20.89 20.94 
Crossing Point Temperature (°C) 166.5 148.7 182 193.8 213.5 
Comprehensive Determination 
Index 
332 557 942 1149 1382 
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Oxygen Adsorption for Dry Coal at 
30 °C (cm3/g) 
0.760 0.868 0.515 0.487 0.798 
Adiabatic Oxidation Time from 40 
°C to 200 °C (h) 
18.9 64.6 92.8 127.2  248.1 
 
 
Fig. 3. Contrast diagram of physical oxygen absorption at 30 °C, index and adiabatic oxidation time of different coals 
Up to now, the adiabatic oxidation time of coal is considered to be the most accurate index for the propensity of 
coal to spontaneous combustion, although this method consumes too long time and is difficult to carry out. Basing 
on the experimental results, relationship between comprehensive determination index and adiabatic oxidation time is 
proportional and consistent. But there is no obvious regularity of the relationship between oxygen adsorption and 
adiabatic oxidation time. It is indicated that the comprehensive determination index is more accurate and convenient 
to test. 
4. Conclusions 
1) The existing test methods for the propensity of coal to spontaneous combustion only embody the 
characteristics of one stage rather than the whole spontaneous combustion process. Essentially, spontaneous 
combustion of coal is a non-linear and kinetic process which can be divided into several stages. The reaction 
kinetics of coal in different stages differs greatly. Therefore, just using the characteristics of only one stage to 
evaluate the whole coal oxidation process is not comprehensive. 
2) Oxygen adsorption with chromatography method just reflects the properties of coal surface and the physical 
pore structure of coal. It can’t reflect the inherent characteristics of spontaneous combustion. 
3) A new standard for classification of the propensity of coal to spontaneous combustion is firstly proposed in 
this paper. In this method, two parameters were selected for different oxidation stages and the comprehensive 
Oxidation Kinetics determination index I for the propensity of coal to spontaneous combustion was proposed. 
According to the comparative experiments for comprehensive determination index, physical oxygen adsorption, and 
adiabatic oxidation of different coals, it is indicated that the value of comprehensive determination index reflects the 
ability of coal-oxygen reaction and the path of oxidation, and it is more scientific and accurate to identify the 
propensity of coal to spontaneous combustion. 
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